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CLIMATE CHANGE AND ITS IMPLICATIONS FOR
THE TEHRRESTRIAL VERTEBRATE FAUNA

by PHILIP S'101Y

Summary

Sorr, P (1994) Climae change and it implications for the terrestral verfebrate faona (1994). Trans. R Soc.
8 Ausi 181, 59-68, 21 May, 1994,

A limited nurber of stugdies of the biology of a vaviety of species o terrestrisl vertehrales is tsed o speculate
sbout thelr responses to elimate chinge as predicted by wlobal cireulation medels, Drmmatic chunges in he distributivn
und sbundance of auimals in Austrihia that has already occurred consequent o European seitfement Is noed
Speculanon about the impact of climale change on the rekaive abundance of mammils and reptiles, range changes
of kangaos, rbbits in and areas, food seeurity of the Spinifex Hoppumg Mouse, competition berween two spevies
of skinks, and disease transmission is included, Nest-site selection by tormises and social siruclure of loxes wre
piven as twir exaniples where behavioural plastieity demonstrates some capacity (0 cope in yily with the cftects
of ¢limale chunge, Bul the ability of st errestrial vertebrates to track rapid climuie change acrosy different
sulstrates 15 questinned. Resdrvations are expressed about the kaowledge base upon which the speculutions arc
based. Fur wry lew species i o suneof studies available to compare detiwited data vn distrhution and abundance
with climare over o wide geographical Tange, backed up with hiolagical information sufficient w eaplan the
mechanisms by which the species interact with sheir enviranments,
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Introduction

Some 6000 years ago, within the span of 100 years,
Ihe yegetation at Cold Water Cave, Towa, changed from
forest to prairie (Dorale ef al. 1992). The changes were
assucuated with atemperature rise of ¢ 3°C, and with
sich o complete change in vegetihion structure st
ligve come a profound change in the vertebrate (aumni
ol the tocuhity. 1Lmay be, during the next century, that
similar dramatic changes in biota will result from #n
anthropogenically-cnhanced “grecnhouse™ effect. The
errestrial vertebrate fauna of Austriadut has alrcady
undergone profound changes as a consequence of
European settlement (Recher & Lim 1990); chimate
change would compound the impacts of introduced
competitors and predators. destruction and
fragmentation of habitat, aliered fire regimes, hunling.
and diseases.

Reulistic predictions about the impact of climate
change on the distribution and abundunce of wrrestrial
verfehrate species require i foundation of information
from several sources. Essentisl are delinled forecasts
lom chmatologists: predictions about changes in the
distribution, composition, and productivity of plant
communities and other elements ol food webs: and
detailed information about the present distribution.
ubundance, physiology, and ecology of vertebrates, The
remporal scale of possible changes should also be
considered.
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The sentitnenty eXpressed in this paper arc
complementary 10 those expressed in essays by Arnold
(1988), Busby (1988), Graetz (1988), Main (1988), and
Possingham (1993). ‘The paper augments previous
contributions by exploring some esamples of the
mechanismy by wltich climate change might affect
vertebrates. Tt is o speculative paper, the scenarnios are
presented with the intent of illustrating the level of
complexily, rather than making confident predictions
about the outcome. The predictions are weakened
because a single study of a Jocal population over a short
period of time i5 not necessarily representative of the
biology of 2 species durine 4l seasons and over the
whole of its range (se¢ Kemper er al. 1987), and the
range and habitar of o species as observed to date do
not necessarily represent accurately the realised
envirenmental niche of the species, nor this in turn ity
fundamental niche {Possingharn 1993), [n addition, the
predictions of global climate models are not considered
10 be reliahle at the regional level (Gordon ef al. 1992).
As the number of logical steps incredses, so the errors
are summed.

The paper reviews those clinatic predictions of
particular importance o ahimals, vses some exumples
w explore the mechanisms by which climate change
might affect terrestrial venebpates, then examines the
capacity of animals (o cope wilh the predivied chunges.

Predictesd climate changes

Evidence fram chmate models jodicates  that
ermissions of “graenthouse” gases into the atmosphere
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will cause glabal warming of 0.3 {range 0.2-0.5) °C
per decade, and wisociated changes in patterns of
precipitativi (Howghlpn @ al, 1992), Whilst the general
predictions of the models are broadly accepred. the
issue 1y complicared by the Lick ol clear ohservatinnal
evidenee of changes attribugable with cernainty w wn
enhanced “greentinnse” effect, On examining records
of metzarolngical ohservalioms, Nicholls & Lavery
(1992 were ot able w idently any clear treads in
rainfall ar selipble metearolagical stations in South
Ausitalia up untl 1988, Althuugh Burrows & Staples
(1901) note & warnung trend in South Avstralia sinee
BS, they cautioned that the trend wis tlose to the
bounds of past experience”. Models are not consistent
in their prediciions of seasonal chunges in (emperalure
patierns for South Australia (see Boer er al, 1992; Giles
ef ol 1992), ut the present state of refinement nf the
general cireulation models such uncertaintics in timing,
misgnitude, and regional palterns are well recogaised
fHoughum ef al. 1992).

Rainfall has a major influence oo food supply for
verichmte species, particularly inarud arcas. Haarsina
ef al. 11993) prediel a global increase in tropical
disiurbinees, AV present, some of these disturbances
extend into porthern South Auwstralia as tropical-
extrarropical cloudbimds (TECBs). and as o resuly
heavy rain falls on an avernge of nine days per yeudr
(Butinel 1990), However, the distribution and cateni
of the rainfall is erratic. Gordon eral. (1992) cautiomsly
report the results of stmulainns which indicaie ehanges
in Jaily runfall intensity across Avstralia, particularly
it sunimet. in the form of increases in the frequency
of hesrvy (12,8-25.6mm, ¢, 31%; > 256 mm. «, 95%)
ruinfall days. an e, 15% decrease in the frequeocy of
haht (=< 6.4 mmy rpinfall days, and a decrease in the
number of raia days. Whetton eral. (in press) review
the predictions of five glohal circulztion mndels: lur
predict inereasing summer rainfall over the whole of
South Austealia (all five predict indreasing suimer
rainfall aver much of the far narth), and four predict
a decrcase o winler rainfall over most ol South
Austrathig,

A wenkness of the models i that they do not take
inter secount all magor known influences on climate. The
il Nino Southern Oscillation (ENSO) phemamenon is
nor coupled with the major globgl cirgulation models
(includiog the CSIROY model) despree s influcace on
variability of rainfall in Australia (Whetton & al. in
press). ENSO a5 ol particulir importance 4o the
fectoiment of many aridd zone species |Austin &
Willizams 1984, Gracte ¢f af. 1988). The influence of
ENSO needs (0 be Lonsidered m addition 1o changes
predicied o accompany the enhanced greenhonse eftoct
(Walker eraf. 1984). The issue 1y lurther complicaed
hechuse ENSEV ilsell may be affected. I increased
20, works 10 equahse temperatires in the saters nf

the castern and western Pacific Ocean, ENSD would
he weakened (Rind 1991), thus tending to reduce
chimatic varabibity i custern Ausirslin and countering
1 some extent the prediclions outlined above

Direct effects

Direct cfteers af elimgre on vertchrates should be
more readily elucidated than woold de the case with
indirect effects. Two examples are presented al direct
effects of climmte on repriles. The first 1s the process
of lemperature-dependent sea determination, and Lhe
second @5 the mfluence of temperature on the
distribution of kestudines (lurtles and tortnises) Hoth
exatples demonatrate that the Rnowledge base is
inadequate even in this more straighrforward caregory.

Temperatyre-dependent sex determination

Temperature-dependent sex determination (TDST)
has been demaonstrated m many species ol testudines
le.p Mrosovsky eral. 1984), crocodilians (¢.g. Webb
eral 1983). an aganid (Charmier 1966 vide Bull 1980).
and @ cekkonid (Wagner 1980). Sliahit (<2°C)
departures Tram pivotal incubation (emperalures may
result e eatrely male or enurely female sexual
phenmypes, ever in some of the species whieh have
heternmorphic sex chromosomes (Servan a1 al  MI8G)
Sume species have 1wo thresholds, with males resulting
frem imermediate and females frem extreme incubation
lempecattres (Ynlema 1976: Webb & Smith [984).
TDSD has been demaonstrted o oceur i an Australign
crocodilian (Webb er af. 1983). an Australian
freshwater/estuarine testudine (Wehb g7 af  1986), ond
Australian marine testudines (Limpus efal. [985). In
contrast. 1t does not aceur in several  Australian
freshwaner testudines, including specics found in Sonth
Austraha (Georges 1988, Thompson  19884),
Preliminary studies suggest that TDSD oceurs in at
least oot Australian agamids (G. Johpston pers
cennnt ).

The influence of environmental lemperature on sex
ratios 15 i mechamism by which climate chinge can
directly affect the distribution of reptiles. Species with
TDSD would be more susceptible o rapid climuaie
change than species without TDSD. Wehh & Smith
(1984} poted variauon in sex ratios of Crocodvhes

Johastond hatchlings in the field. and speculated tha

it wis due to the ineruction hetween TDSD g
geographic differences in mean alr wemperatuces. In
awarmer climate. the cffect might be to skew the sex
rabio completely. blockige reproduction, and thus
leading w1 the local exlinclion of the species, Such o
scenario has been advanced by Piean 11982) as a
prissible reason lor the extimction ol mamy Mesosoie
repiles
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Distrebution of westudines

Testndings, which require externl sources of heat
for merbalic activily. are limied in Jatitodinal
disiribution by temperature. However. inesn annul
tepiperature 1s far fon crude & meusure e prediot limits
to chstribution. Length of the growing scason has been
venerally wecepted as a limiting factor, since at the
latiwginal himnts ol disinbution adults vy ol have
enough tme & geeunmlate sufficient energy reserves
10 survive the winter (MacCulloch & Sceoy 1983).
Allernarively, distrburion may be limited by the ataliy
of hatchlings o survive overwintering 1 the nest
(Breirenbach ef af. 1984 Congdon eral 1987). Ohbanl
& Brooks (1987) suggest that a critical faclor s
temperature durfog the mawnition of awa, which
reguires (he accumulation of heat units uver spring
surticient for saecesstul reproduction. [sugaest ancther
persaibilivy; thitt distribution is linmied by the prabihility
vl ambient emperatunes being sufficienty high doring
the nesting s2ason W permit the energy expenditure
neeessary 1 digging the nest chamber. an activity
recoenissl as being energetically demanding {Congdon
& Gullen 1989),

To predict the effect |hat climate chinge wiould haye
on a species requires detailed knowledye both of the
niture of the change i climate and of the mechanisms
hy which clumnite change would affect a species In
estudines, we nead (0 know which of the ahove
hyputheses is aceepable before we know whether w
exumnine number of duys  hetween threshold
wemperatires. padir winter temperatures, number uf
spring days above i wenperuture threshold, or the
probability of vecorrence in spring af spot lemiperilares
abave a thteshuold.

Indirect effects

Eftecrs mediated by other Factors are inherently mose
gomplex (han direct elfeais. Alempls at predicting
changes in animal distributions based on detiyiled
analyses of comples mevhanismys which include
consideration of mauers such as physiology, populanon
dynamics. imerspeeific  interacnons,  hehavioural
changesw and microhabit conditions are franght with
potential for error. Ao alternative 15 to wenufy a
smaller suite of influences which drive the system and
determing the end result, Nix (1982) saw chimate as
Ihe majar determinanl of the distribution of werresirial
urgamsms. and severy! awthors have psed various
chmatic indices o explan the diversity and abundance
il particulur Australian mota. OF particular value are
those rare studies which compare detailed dats on
distriburion amd abundance with «linate over 4 wide
meographical range Both mechanistic and deterministic
explirarions fllow,

Relative alundance of mammals wnd vepriles

And Australia already has a more diverse and
abundant reptile fauna than arid areas in Norh
Americn and Alrica (Puanka 4%5), In part. the
diversity and ubundanee of the repriles w alribuled ©
the high variahility of rainfill which 1s 4 feature of the
Australian inland IMoOrton & Juines 1988), Froposed
clianges in climate might therefore be expected (o leud
10 4 inciease in the diversily and ahundance of repliles
relative to manimuls.

Not all mammals would necessarily be udyversely
arfected. For the large arid arcas of Avstralia, nel
annual productivity and hence the carrying capacity
expressed s Lotal iomass of verehrates is related 10
annual  ruinfall (Burbidge & MceKenzie 1989).
However, the species composition of the ol biomass
is Jargely determined by the predictability and
distribution of the ruinkall, rather than ity amount.
Pawchy ruinfall favours birds. bats. and mobile large
mammals such gy kanparons (Burbidge & MeKensie
1989) which are physically capable of moving long
distances to environments made favourable by recent
feavy raink. Irregulur rainfall favours repiles. which
buwve very low field metabolic rates relutive 1o matnals
(Ny 1987) and can survive for leng periods without
fopd (Marton & James 1988). A change in rathfull
patterny W fewer diys with rain, o lower probability
of light rainfall, and an mcrease in the {requency of
freavy raintall would not hive a great napact o moebile
animals, bot would  faveur  repliles over  small
mammals. Small mummalian cellulose-dependent
herbivares would be partcularly dizadvamaged; they
are voloerable beciuse their energy intake s hmied
hy their qur size. This represents & siinilar proportion
of the size of the individeal as in Targer animals, but
the cnergy expendiure for maintainance of body
temperatuce must be relatively higher than for larzer
mammals which have a lower surface arca 10 hody
mass rato (Morton 1990). They arc also limided by
their restricted mobility in thear ability 10 exploit a
patchy environment; and they are most vulnerable to
competition from rubbits (Burbudge & MeKenze 1989,
Morton 1990}

1L could be arguald that the balance between the
diversity of reptilian and mammalian species as al Lhe
tinie of Evropean settlement way deleriminal insome
prion more severe period ol arichity (such periods ane
knowi from prehistoric thines- see Singh 19K1), and
therefore the balance would not be affecled by a lurther
increase in temperature and in the vanabibity of ruinfall.
Further, any mammals which might huve: been affected
are already extinel us a conseguencee of Buropean
setilement, The counter argument iy that effective
ardity in the future may be more extreme than in recent
evolutiomary time. Climane aridity 1wherein increased
evaporition is in excess of increased ramfall) may be
compounded by “emuluted andity” becayse of the
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consequences of the removal of primary productivity
from the arid system in the form of livestock snd
livestock products (Burbidpe & MeKenzie 1989), and
the sequestration within the arid system of primary
productivity and nutricats in the tissues of livestock
and rabbits. Thus the resources available to native
verlebrates would  be  signihcantly  dimimished,
purticularly during the resource “botflenccks™ of
droughts, and in drought refuges (see Morton 1990).

Range changey of kangaroos

The responses of kangaroos can perhaps be predicted
with a little more confidence than those ol other
verichrtes, Many studies of Kangaroos have been
undertaken, including thorough studies of  heir
distributions (Fig. la) as part of the basis [or managing
populations which are commercially harvested.

Cunghley er uf. (1987) have demonstrated that the
distribution of three species of kangaroos. is, in the
major part. determined by climawe. Whilse the
distributions are directly determined by land use and
the availabibity of food, water, and sheler, these
artributes are in turn greatly infuenced by climaie, The
distributions of the two grey kangaroos, the Eastern
Grey Kangaroo (Macropus gigantews) and the Western
Grey Kangaroo (M. fuliginosus), are closely associated
with the seasonality of Tmnfall; they overliap in arcas
ol uniform scasonality of rainfall, but M. gigarnieus
oceyrs inareas where surnmer riimfall predominates,
and M. filiginosuy oceurs in areas where winter rainfall
predominates, The Essern Grev tolertes higher
seqsonal lemperalires than the Western Cirey provided

(a) Present distribulions of grey kangaroos
{Density > 0,1 persquare krm.)

that there 15 summer ramfall,  Both require a
heterogenous habitit with shelter being an importint
component (see Hill 1981, Culenes er al. 1991, The
distributional data have been used by Walker (19907
to develop an integrated modelling and mupping System
which could be used o predict and map changes in
distribution consequent (o climalc change, Caughley
er el (1987) suggest that climate change in the past
has influenced the diswibution of muacropods: it is
therefore reasonahle w use their conclusions to predicr
the distribubional responsey of these three species W
future olimate change.

If. as predicted (ubove), the wanter mintsll zone
contracts 10 the south and temperatures rise, the
distribution of the Western Grey Kangaroo would ilsi
contract to the south (Fig. 1b). Perhaps more
remarkable might be changes o the distribution of the
Lastern Grey Kangaroo, At present the specics oceupies
two small and widely separated areas i Soulh
Australia, but these are minor projections o this State
of o distribution whose western boundary runy along
of just 1o the cast of the State's caswern boyders
(Caughley ef al. 1984). M. gigunieus could extend o
considerable distance to the west of s present
distribution. and henee across the north of South
Australio 1 oceupy suitable habitats in the northern
part of the present range of M. filiginosies. 1 cenain
conditions are met. They are that summer rain becomes
more common in nottheen South Austradia, that reluble
water is provided by increased frequency of heavy
runitll anddor livestoek witer supplies, and Pt habita
heterngenetly persists m the fuee ol chimale change.

M Juliginnsus

M gigantaus .

(b) Possitile lulure distribulions of grey kangaroos

Elg. | (a) Present distributions of grey kangaroos. (h) Pussible future distributians of grey kanagaroos. Adaptead trom Ciomes.
of al. 11991), Cuughley & Grigg (1981), Caughley e al (1983), Coughley or al [1984), Short of ol (1984).
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Sirvivd of rabhirs in civiel greens

I arid Austrafiv. the Fumpean Rabbit dryerohagus
claicley s Jecrensing the probaboility of survival of
smuall percomial plins during droughis, and Riving a
profonnd effeet vn the recruibment of sonie species,
sutficient m ume w eluninare them Yrom the landscape
(Lange & Gruhim 19832 Cooke 1987). The respunse
vl he rabbic welinmte chinge 1% therefivre of particalay
mporkanee

Historical records show thit rabbils mand ancs bave
hoen severely reduced i numbers during past droughts
(Griffin & Friedel 198S) and may. under dnpught
conditivms, hecome earinet over luvge areas iMyers &
Barker 1975). Reepuitment s most uplikely under
dronghl condifuns (Kmg - al 83), wwd prolonged
dronghls such as the 1928-69 and 1925-38 droughts
ar Aliee Springs (Griftin & Friedel 19851 jest the
longevity of the species (vee ¢.g. Dunsimore 1974).
Even s, a few cabbuts sorvive m refuges, The quitty
of the refuges is determined by ther abiliny 10 harvest
and stare water und nutrients flowing from karger arcas
of the landscape (Morton 1990) such that run-oa tiom.
Tight ramfall s sufficient W sumalate some plant growth
during the drought perjod (Ludwig 1987). At Witchitie.
South Australia. Cooke (19821 neted that a sharp (4il
of Litle maore than Swam ol rain might e sufficient m
yield run-of which, f ¢concentrucd along drainuge
lines. wonld ensire that succulent fod n the fonm of
chenopod shruby would beavailable ta rabbits living
un wartens along those drainage lines. Onice beavy s
[y (=20 mmin near Carnarvon, Western Australin,
King e/ ol 1983). mabbits begin o breed, and can
eapind from the retuges o recalonise the hulk of the
lanJscipe.

Haivy rainfalls are rare in the Australisnand sone.
whole years niay poass withour o raintall evenm =
12,5 m (Stattard Smith & Morton 1990). Lizght falls
are mote commi, bt it has been prediceal (see ghvone)
that the hemvy falls would became more commun, aml
light falls semewhal less common. Henee, droughts
are hikely 0 be shorer in duration, but the reluges
which ststain the vesidual rabhit population durning
droughls would be o tle less reliable. With 2
comaident nse (m wmperatire exacerbaring the severe
phiysinlogicsl stress experienced by rubbits under
present summier conditions (Hayward 1961). local
cxtingtion becomes more likely during drouches, but.
with decrensed returm times lor heavy ran. plagues,
tight e exprted more froquently in those argas where
rabhits survive

Vegetation chianges consequent Lo thie nereased
vactabildy of precipitation might not favour rabbils.
Rabthils are fund i chenopod shrublands, hot the
majerity of the leed is provided by the short grasses
und forbs hetween the shrubs; [he chenopods are eaten
only during droughts (Hall e al, 1964; Grillin &
EFriedel 1985y, Under condirionns nf increased wlimalic

varinhihly, perennial plints would be finbured dver
ephementl plants (Staltord Smith & Noruon 1490), so
rubbit populations could be expected 1o become less
donse unless palaable perenpil grasses such s
Themeda spe repliced annuul grassos and forbs. Furthcr
exploration of vy scenane wonld need w ke woooun)
of a patential southern extension af the dommmance of
C,iver C. grasses (Henderson of gl 0 press), the
relative impartance of €y and €, grasses (o rabbils.
und the ynphications for rahbity of @ ¢hange in the
seusomal disteibution of rain wwards summer ramfall
in arid arews of South Ausiralse

Food securiiy for Spinifex Hopping Mose

Noromys wlevis. the Spimifes Hopping Mouse. is
widely distribyeed through sandy aneis ol norhern
South Avnstralia, mainly in assoctation with spanifex
arasses (Wialls & Aslin 1981), A major copnponent, of
sy dier o5 sead (Findayson 1940, and  rom the
carbohydrate in seed s able o denve sufficient
metsbolic waler 1o suryive indetintely; one (omale i
known o have renred w o single young  waithout
supplementary wister (Haverstock & Wans 1975). Hepee
the regulanty of seed production would influence
curvivabibity of N. afexis in northern greses of the State.
Seed produchion may be influenced by suil moisture,
temperature. und CO, levels, and 1wo mechunisms by
which N. alexis night be advaniiged are cxplored.

Soil moisture is one ol the mosl inwportanl
chimatically  determined  varables for grisshands
(Pirtock 1993) und hence [or species such as N. alenis
which depend i large micasuie on grasses (MacMillin
& Lee 1964), Wilker e7 ol (I98Y] anticipate that mes
sodl mnisture 1y likely 10 diminish o worthern South
Australia, ulthough at present the rehabiliyy  of
predictions 1s questioned (Vinnikov 1891 Pittock 1993),
More impertant for seed production are episodes of
higher soil moisture following heavier vainfalls. which
are predicted (above) o hecome more frequent. Thus
pulses of seed supply may becoine more frequent, and
suppint denser populations o N alesny.

The rate of growih and the speed 4t which seed
development occurs following rains may be
accelerated. Tl ef af, (19851 1ibserved increased sced
yield per plant for nee grown under enhanced
grecuhouse conditions. Gifford (1979, 1988) predicted
thist wheat yiclds in aseas with more strongly seasonal
rainfinl would increase as 4 result ol the enhanced
“areenhouse” effect, and that some grain growth woukl
became possible winder conditions & aridity which
aurrenily preclude any yield. The factor influencing
yield was stimolation to plant growth hy buth increaszd
COy and warmer wemperatures, which would resull in
ashirter growine season such that the gram was more
likely 1o he Alling under o favaurable soil moistne
regime. Enhanced efficieney of water tee would also
wcrur Jue i partial stomatad closure (Chaves & Percing
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1992}, Thus dronghts as pereeived by N aletls way
be gmeliorgted by the supply of soimne seed when none
wiuld be mherwise be avallahle.

Australion arid-zome soils are generally infertile
(Marton 19940, and autdent Timitation iay cudnber
growth-stimulating  mechanisms  Although  seed
production. may be himned by the wailubility af
phasphorus, nitrogen is less likely 1o be lintiting fot
) plumes, bot W Bkely corollary is thar the protein
content of their seeds, would be lower [see Canroy
19921 N aleviy wintld not be disudvantiged. asar is
more lkely to survive drought on low protein diets
which obviale the need o expend witer tr dispuse al
wiste pitrogen (MacMillan & Lee 1969).

Cewnpelitivom belween Clenolus species

Muny of the 70 speeies in the scincid genus Crenaries
are wssociated with spinifex (Cogaer 1992), und o s
nol uousual for several species (@ be syntopic,
suggesting line niche separation between them, 11
climaw nfluences the mche separation, climate change
may ftegt the hilance between the spegics

Crenwins helenae snd C, pantherinus are two species
necdrring sympatrically in the far nonh-cast of South
Australia: Pranka (1969) noted that they shared similar
niches. and suggested thar C pamheeinits would be
excluded hy € helenue bul kar il; repeaductive
capacity. James (1991a) tound a high degree of dietary
rwetlap between the twa species, and noted thal dictary
overlap in Clenotes was highest during the driest period
ol s stady, There s evidence 1w sugges| that the
separabion between these two speciey i3 based on then
thermal respomses; Planka (1986) found C pantherins
o hive a lower mean body temperature than O
hiefenie, and  James (1991b)  speculated thay C.
pandherinas tand C. brookst) can be active at wineer
emperateres which preelude activity by C. helenae
(and  other Crenotys species), This  permits €
Jaatherines and C braoksi to begin reproduction
carlier than the mther species, IF activity at different
\wmperatures v crirical either for maintaining smble

fiche separation or for sustaining a mechanism of

ascillatimg disequilibrivm between the species, an
Increase 10 emperatre during winter may result in
compehtive exclusion of C. pantherinus by C. helenne
in those areas where they are sympadric

Epidemiology

In stable ecosystems, there is generally d Signiticant
leve] ol aceommodation between host popudationg and
discasc-viusing agents, particularly if they huve cn-
evolved, However, tansmission of infectiouy disease
15 dynamic process, and in many cases is dependent
onthe capacity of the infections ugent Lo survive outside
of the host, Helmunth parasites often haye obligatory
larval stages which may suryvive for long perinds un
the wround. and thus be suscephibla o ¢limalic

miluences. Should the climate change, the
accomodation between the host and the parasile may
he disturbed.

Amongst the purdsites of |ivestock there are examples
of species whose transmissibility is known (o be
affected by climawe. The lamae of Haemonchus
conteenis, a gastri-intestingl parasite of sheep, requine
mnean emperatures > 18°C for normal development.
whercas the development of Ovtertagia circumcinele
lurvae is suppressed above 15.5°C. As both require
morsture, the fosmer is pn orgaism of swnmer rainfall
arcay, uad the later of winter raofall areas (Sourheon
el al, 1976},

There s less knawn about the parasites of Ausuralin
narive  vertebrates, and most of the published
investigations have heen mxonomic (e g Beveridge &
Durette-Desset 19921 Arundel ez al. (1990) underook
one of the flew epidenmiulogical studies, which
dernonstrated  that helpipth  parasites can canse
vonsidoruble mortality in Eastern Grey Kangaroos, and
concluded that development of frec-lving larvae
mfluenced by climate. In North America, the Morse
Alves wlees can exist sympatrically with White=talled
Deer Odocoileny virginianmis only in those areas wherne
circumstances do not favour persistence of infective
larvac of the meningeal worm Furelaphostrongyluy
teuts (Gilbert 1992). Hence. climate change may
indirectly inlTuence the distributions of terrestrial
vertebrates through its effect on the probability of
disedse transmissian.

Mechanisms for coping with climate change

Possimgham (1992 recogrised that there are three
miesny by which i species might survive climite chinge
range change w track shiffing climate 7ones.
wicninee ol the change, andior mweroevolulionury
change Fxamples are presented which demonstrute
thit mleranee in the form nl behavioural plashcity may
counter climate change. but tracking  appears
mnplausible for many <smull werreseriol specigs

Tilesance

The Red Fox (Vudpes vulpes) has a complex sociul
strueture which ean be modified © cope with
environmental change. Zabel & Taggart (1989) have
demonstrated un effeet by the Bl Nifo phenoraenon
on the food supply of & populition of toxes on Round
Island, Alaska, Increused water temperatures in the
Bering Sen were assceciated with widespread nesting
[ailure in the seahird species which comprise most of
the summer diet of the foxes. Resorpuon und
preimiplantation loss are known o oceur in pregnant
vizens (Ryan 1976), a common cause of which is
nutritionil stress (see Mousigisrd 1969). Hence, i Uie
avallable foad was uniformly distributed amongst the
foxes, wtnl reproducrive failure i the fox population



IMPLICATIONS 0F CLIMATE CHANGTE ON TERRESTRIAL VERTERBRATE FAUNA LS

myy well hive occurred. However, on Round Island,
dietury changes iy smallee, less common. and less
aceeseble seabivd species were associnted with changes
in the sncial siruciure of the foxes, Polyeyny, the
reproductive mode priac to the dietary change. wos
supplanted by monogamy, The male’s help is essential
for capta g and delivering prey w i lactating female
and her litler (Klenmin 1977): thus the chanee in the
suctal soructure meant that assistance prowided by the
miile fox was focussed on fewer cubs ut a time when
it would have been more difficult tor the mgles
procure fond. Individual reproductive success (in lerm
of cubs reared 1o seaual matuyl of cthe reduced
numher of breeding lemales was min significantly
affected by the £l Nifo phenomenon. Hemce, a
llemporary) climale change which led w101l
reproductive falure of the two seabird species mnst
prominent in the diee ol the foxes did not 1o twm lead
Iy total reproductyve fujlure in the toxes.

The Fastert Long-necked tortuse | Cheledding
longrevd]ist has simpler behavioum! patterns thi 1he
Red Fox, bul still his some plastieity. It appears
indjust als selecuon of nesting sitey 1o Lake account of
meteorological peramerers likely 10 affect incubauen
femperatore. At Armidale, New South Wales, the
species digs nesting chambers in unshaded areds. which
increases insoloton and hence egg temperature, and
shurtens incubation (Parmentec 1976). The sume
species it Raseworthy, South Awstralia, digs aboat iwo-
thinds of 1is nesis in sites shaded or more than half
ol the day (Slolt 1987, 1988). Nest lenmiperatures weee
not recorded at either site, but mean daily femperaiures
during the incubation period are higher at Roseworthy
(3.9°C higher in January) and cloud cover s less
frequent (0.7 oktas less in January). Thompson (1958b|
hay demonstrated  that unshaded wests of Emydnra
macquarii at Barmera, South Australia can be 2R°C
warmer than shaded mests, and attributed deaths in
some unshaded nests W excessive heal. Thus it is
reasonable to speculire that € forgicollis. Tike the
spedies of testudines cansidered by Bull ef al. (1982)
and Sehwarzkopt & Brooks (1987), positions jts nests
relative 0 shade w obtain optimum sihswiface
temperatures {or incubation.

Truckine

Durale of wl, (1992) daled lale Holocene vepetdwn
changes . at two sites in Towa which correspond (0 a
vate of retreat of prairie of 30-R00m per annum.
However, the anticipated tate of amthrapogenic Climite
chinge i muvh greater than in the past (Fussaingham
1993) Wnh (he low relief of the inlund plains of
northern South Australia. mean therinal gradients are
shight, and a tymeal distance between isotherms
corresponding  to the predicied  annual rae of
temperature change of O03°C s 2006 1 Becawsy
muny bird species of the Austeabian arid zome are

nomadic (Wiens 19911, tricking climate change i«
physically and  hehaviourally pussible.  However,
sedengary species may have behavioural ditficulties.
Few daty are gvinilable on the dispersal capability ol
smiall lerrestaial vertebrates, bul the longest dispersal
mevement recorded by James (1991c) for any individual
of five species of Crenoras was 605, indicating thal
unassisted dispersitd 15 most dnlikely 1o be able 1o track
climale change al the predicied ran,

Possingham {1993) poants out that comparisons of
dspersal capabihly with the rile of climale change faay
be simplistic. The comparison is uscful © identily
species which are phvsically ncapable of tracking
climale, but cunnet by itself detesmine comperence.
There musl he subsequenl stages in the process ol
ientifying species at tisk, such oy consideration of
physical bharriers and  eer-relutionships  berween
species. Even if Cremonys spp. were physically capable
of Lrucking climate change, there 8 2 close and
presumably  obligatory associution between many
species of Crepotus and Triodio and Plecerachne spp.
(spimitex grusses) and thew aendant rermites, These
are primarily distributed in inlertile. sandy soils
(Graelz et al. 14881, which indicaes thar spinifex-
dependent species of Creagigs which ure less wlenanr
of awredsed terperatures would be upable 1o track
climuge change acrss changes insoil ferhliy and ype,
For veriebrates in the north of Seuth Australin. nacking
tfemperature changes means o geoerally southern
extension in ranec (With or without @ northern
coptraction, a separate issue which would Jepend an
the upper Himus of wlerancey, buc for € pastherins
ticre would be conswainrs because Tomg distance
dispersal or even local spread o drindia and
Plecirachne secm W require considerable e (Jacobs
14482, Also, these grasses would not extend ima heavy
clay soils and limestone plains, the lauer being
pencrally south of the presemt distribotion of
npantherirus

The steepness of clunatic gradicats (1 MouBIainos
areay 15 much greafer than un plains, and thus
altitudinal tracking of climate changs is much more
feasible thaa latqudinal 1racking tor small werrestrial
vertebrates, Generally, a shon chmb i altitude
curresponds to a4 mor sl in laifude (Peters &
Darhing 19853, Over o distance of about |5 km in the
Adelaide Hills, o S0hn increase in altitude i associated
with a fall in January mean maximum lemperature nf
about 5°C. and a risc in mean annual raintall of ihout
0 mm,  However, whilst the climate as onoe
component of @ specics’ environment may track upa
mountain, other compuncaty of the enyiroomeint inay
he fixed; for example, substrate siructure and fertility
usuglly change with nlitude

To allow tracking requeres the linking of areas
managed primurily for canservation along latudinal
and altitudinal gradiens (Noran 1990). The teview
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Of nature rexerves in south-eastern New South Wiles
undertihen by Margules & Stein (1989) conlirined thal
@ single. Jong. narrow. rectangular reserve aligned
tlonp an altiluding) gradient would be the comfiguration
which would most parsimoniously meet the dominant
enviranmental requirements of lepperalure, rainfall.
andd substrate e 26 canopy tree species which oceur
il the region. Mackey ef al. (198R8) note the necessity
fnd grgue the validity of using vegetition data as
surrugates for data on faung habitat in the preseni
circumstances of paucity, of the preferred prinvary dara.
and adwvocate & lncus on eeologieal gradients in nrder
Wy provide @ margwn of safety in assessing arcay for
conservation value, However, because of |he low reliel
ol ruch nf South Australia, only latitudinal gradients
dre possthlc in miost greis.

Conclusion

The paper has ocused on g number of studies which
have relevanee o the issde of climate change On
reviewing the topic, it is apparent that the zoological
hase from which changes may be predieted s
imperlect.  Relinhle infermanen on the  present
distribution. abundance. population dynamics, and

mterspecific relationships of Australign vertebraes
[imned  (Norfon 1990), but there 15 suflicienl
infarmation o indiede that elimatic influences on the
distribution  of many animals operate through
niechamsing whelh are subtle and as ver poorly
understood, and sofficient informution fo warrnm i
conclusion that climate change ol any magnitude iy
quite likely o affect the distributions of many species
ol terrestripl veriebrates,

Conelusions about the fate of individual species an:
it presem speculative. Deterministic studies such as
those undertaken on kangaroo populations ure |ess
specilative than mechansue studies becuuse of the
complexity of the means by which climate influences
the biow, bul mechaniste esaminations sre
cnmplementary in thit they may revedl critical aspects
of detuil not apparcnt to deterministic considerations
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